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EXECUTIVE SUMMARY 

The Problem 

Ciguatera, a disease character ized by gas t ro in tes t i na l  and neuro log ica l  
symptoms caused by the inges t ion  o f  a v a r i e t y  o f  t r o p i c a l  marine r e e f  f ishes, 
i s  a long-standing problem i n  the  many t r o p i c a l  and subtrop ica l  is lands i n  the  
Pac i f i c .  Ciguatera spread t o  H a w a i i  and other cent ra l  P a c i f i c  i s lands  i n  the  
1940s and the pub l ic  hea l th  records show per iod ic  outbreaks o f  the  disease i n  
H a w a i i  ever since. 

The Program 

What: The Honolulu Laboratory, Southwest F isher ies  Center, Nat ional  Marine 
F isher ies  Service, NOAA proposes a m u l t i d i s c i p l  i na ry  study o f  t he  c iguatera  
problem t o  sol ve the var ious (ecolog ica l  , pub1 i c  heal t h  , pharmacological , etc  .) 
problems associated w i th  c iguatera.  

Where: F i e l d  research w i l l  be ca r r i ed  out i n  var ious geographic l oca t i ons  
i n  the  P a c i f i c ,  inc lud ing  the  Hawaiian Archipelago, where c iguatera outbreaks 
may occur. 

Who: 
working on the c iguatera problem i n  the Pac i f i c .  
be a m u l t i d i s c i p l i n a r y  e f f o r t  and w i l l  i nvo lve  s c i e n t i s t s  a t  the  Honolulu 
Laboratory, var ious departments o f  the Un ive rs i t y  o f  H a w a i i ,  the Tohoku 
U n i v e r s i t y  o f  Japan, the  H a w a i i  Department o f  Land and Natural Resources, and 
other  research agencies. 

Over the years many researchers i n  var ious d i s c i p l i n e s  have been 
The program w i l l  continue t o  

How: Three ove ra l l  ob jec t i ves  f o r  c iguatera research were i d e n t i f i e d .  A 
t o t a l  of 22 research a c t i v i t i e s  and subprojects were developed t o  achieve the  
ob jec t ives  . 
Goals and Objectives 

The three ove ra l l  ob jec t i ves  f o r  c iguatera research are (1) t o  be able t o  
"manage" the ecosystem, i .e., t o  p red ic t  the po ten t i a l  outbreak o f  c iguatera 
and t o  poss ib ly  i n t e r r u p t  the chain o f  events leading t o  po ten t i a l  outbreaks, 
(2 )  t o  develop a treatment f o r  human c iguatera i n tox i ca t i on ,  and (3 )  t o  develop 
and implement a simple " d i p s t i c k "  t e s t  f o r  c iguatox in  and other  tox ins  t h a t  can 
be used by laymen. 
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A PLAN FOR CIGUATERA RESEARCH IN THE PACIFIC 
Ciguatera intoxication i s  a long-standing problem i n  many tropical and 

subtropical islands of the Pacific. Ciguatera i s  a disease characterized by 
gastrointestinal and neurological symptoms which are caused by the ingestion of 
any one of a variety of tropical marine reef fishes. 
ciguatera outbreaks have occurred in oceanic islands of many areas in the 
Pacific Ocean a t  least  as long as records exist  from these areas and 
furthermore, i t  is l ike ly  t h a t  the Pacific islanders knew of the toxici ty  o f  
fishes long before the beginning of European exploration in the Pacific. I n  
more recent years, various researchers have pointed out the significance of 
ciguatera on the health of island populations in the Pacific. For example, one 
of the highest incidence o f  ciguatera intoxication on record occurred i n  the 
island of Hao in the Tuamotu Archipelago, where out of 514 individuals 
interviewed 224 (43%) reported t h a t  they had been intoxicated a t  least  once. 

I t .  i s  evident t h a t  

The islands i n  the central Pacific including the Line Islands, Johnston 
Island, and the Hawaiian Archipelago apparently were free of ciguatera until 
about the 1940s. I n  response t o  the spread of ciguatera t o  these areas, 
beginning in the l a t e  1950s t o  early 1960s a broad research program was 
undertaken by the Hawaii Ins t i tu te  of Marine Biology, University of Hawaii, i n  
the chemical isolation, ident i f icat ion,  pharmacology, and biological origin of 
the toxin or toxins causing ciguatera, as well as an epidemiological study of 
ciguatera intoxication in the Pacific. Much progress has been made to  resolve 
the various facets of the ciguatoxin problem by the researchers a t  the Hawaii 
Ins t i tu te  of Marine Biology and other research groups a t  the University of 
Hawaii, as well as researchers a t  other laboratories throughout the Pacific. 

The ea r l i e s t  work on the chemistry of the toxin began in the early 1940s 
and involved studies on i t s  so lubi l i t i es  and other character is t ics .  I t  was 
noted t h a t  the toxin could be removed from fish flesh with ethanol and t h a t  the 
toxin was heat stable.  Work on the chemistry of ciguatoxin--the name used for 
the agent responsible for  ciguatera beginning in 1967--advanced to  a point 
where the basic empirical formula (C35H65N08)n i s  now known. I t  was also 
determined t h a t  ciguatoxin " i s  apparently a l ipid containing quaternary 
nitrogen, hydroxyl, and carbonyl functions." 

Regarding the origin and transmission of toxin, the idea t h a t  ciguatoxin is 
endogenous in the f i sh ,  similar to tetrodotoxin i n  puffers, was early rejected. 
Researchers quickly recognized t h a t  ciguatera i s  of biological origin and i s  
caused by a toxin t h a t  arises in the environment. The theory of the biological 
origin of the toxin or the food chain theory, was best advanced as early as  
1958 t h a t  the original elaborator of the toxin was l ikely to  be an "alga, a 
fungus,  a protozoa, o r  a bacterium." 
theory became available w i t h  the discovery of ciguatoxin, or a compound which 
was indistinguishable from i t  a t  t h a t  time, i n  the g u t  viscera and flesh of a 
surgeonfish, Ctenochaetus s t r i a t u s ,  which i s  a de t r i ta l  feeder t h a t  cannot b i te  
off pieces of attached algae. 
research occurred in 1977-78 b y  the discovery of a new benthic dinoflaqellate,  

In  1971, conclusive support for t h i s  

A b reakthrough in th i s  aspect of ciguatera 

Gambierdiscus toxicus, which &s associated with the occurrence of cigiatoxin- 
( a n d  mitotoxi'n]=gal /de t r i ta l  mixtures bel ieved t o  be the causative agent 
in ciguatera outbreaks. 
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Subjective assays or t e s t s  for toxins by the use of laboratory animals 
began in the early 1940s. 
from potentially toxic fish were also ini t ia ted in the early 1940s. The 
standard technique of using mongooses in feeding t e s t s  was developed a t  the 
Hawaii Ins t i tu te  of Marine Biology in 1960. I n  1977, in' another breakthrough, 
''a pract ical ,  sensi t ive,  simple, and re la t ively specific radioimmunoassay t e s t  
for  the assay of ciguatoxin d i rec t ly  from natural sources'' was developed. 

Toxicity t e s t s  by injections of aqueous extracts 

I t  i s  evident t h a t  much has been done in solving the long-standing 
ciguatera problem. I t  i s  also evident t h a t  much s t i l l  remains to  be done. 
Presently a number of research organizations in Hawaii are actively working on 
various aspects of the ciguatera problem. While there has been an exchange of 
resu l t s  and views among some of the ciguatera researchers, the need f o r  a 
workshop to bring together these active investigtors for an in-depth discussion 
of the problems appeared warranted. 
"Hawaii Ciguatera Workshop," sponsored by the Honolulu Laboratory and 
University of Hawaii Sea Grant ,  was held a t  the Honolulu Laboratory (Appendix 
A ) .  The objective of the  workshop was t o  develop working hypotheses t o  guide 
future research on the ciguatera problem. 
research are t o  fu l ly  understand the mechanism underlying the origin and 
t ransfer  of the toxin(s)  in the ecosystem and t o  determine i f  corrective 
measures can be developed to  safely provide fish for human consumption. 
Considering ea r l i e r  research and the s ta tus  of ongoing research on the 
ciguatera problem, the workshop participants identified three basic goals and 
objectives for future ciguatera research. Also a t o t a l  of 22 research 
projects /act ivi t ies  relating t o  the three goal s/objectives were identified.  
The re1 ationships of the research activit ies/subprojects and objectives are 
shown in Figure 1. The objectives and research activit ies/subprojects are 
described bel ow. 

In  the spring of 1981 (March 18-20) the 

Some of the goals of ciguatera 

OBJECTIVES 

I .  To obtain an understanding of the factors or mechanisms t r iggering ' the 
chain of events in the reef ecosystem leading ul t imately. to  outbreaks of 
ciguatera intoxicat ion in the human population so that  the "management" 
of the ecosystem will be possible. 

I I .  To el ucidate the pharmacological aspects of ciguatera intoxication and t o  
develop a viable treatment for human ciguatera intoxication. 

111. To develop and disseminate for general use a quick and re l iab le  f ie ld  
t e s t  to  screen marine organisms for ciguatoxin and related toxins. 

DESCRIPTION OF RESEARCH ACTIVITIES AND SUBPROJECTS 

1. Monitor public health records 

The Hawaii Department o f  Health maintains records on local outbreaks of 
ciguatera cases including the date and s i t e  of the outbreak, the species of 
f ish implicated, and where i t  was caught. The d a t a  from these documented cases 
of ciguatera intoxications will be used t o  plan biological sampling of the reef 
habitat where the implicated fish was caught. 
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2. Sample subst rate f o r  d i n o f l  agel 1 ates 

The benth ic  d ino f l age l l a te ,  G. tox icus,  has been determined t o  be the 
source o f  c iguatox in  i n  the c o r a l - r e m y s t e m .  
c iguatera outbreaks maintained a t  the H a w a i i  Department o f  Health, the coral  
r e e f  hab i ta t  where f i shes  impl icated i n  c iguatera outbreaks were caught w i l l  be 
sampled f o r  the  presence o f  - G. tox icus.  

Based on cur ren t  records o f  

3. Determine environmental cond i t ions  i n  d i n o f l a g e l l a t e  "bloom" and 
"no- b l  oom" areas 

D a t a  on environmental var iab les w i l l  be co l l ec ted  i n  d i n o f l  agel 1 a te  
"bloom" and "no-bloom" areas t o  ob ta in  base1 ine  in format ion f o r  comparisons o f  
environmental cond i t ions  i n  these areas. 

4. F i e l d  and labora tory  s tud ies on t r a n s f e r  o f  t o x i n  i n  food chain 

Deta i led  f i e l d  and labora tory  studies t o  determine the  t r a n s f e r  o f  
c iguatox in  and other  tox ins  from d i n o f l a g e l l a t e s  t o  the f i s h  carnivores i n  the  
r e e f  ecosystem w i l l  be ca r r i ed  out. 

5. Determine fac to rs  producing t o x i c  d ino f lage l  l a t e  blooms 

Analyze data co l l ec ted  i n  subproject 3 t o  determine environmental 
cond i t ions  producing t o x i c  d i n o f l a g e l l a t e  blooms. 
environmental cond i t ions  between areas w i th  and without t o x i c  d i n o f l  agel l a t e  
blooms should provide c l  ues as t o  causat ive factors.  

A comparison o f  

6. Determine best procedure t o  t e s t  f o r  t ox ins  i n  the marine environment 

Instead o f  t e s t i n g  f i s h  f o r  the presence o f  tox ins ,  it may be preferable 
t o  determine the presence o f  t ox ins  a t  an e a r l i e r  stage i n  the  t r a n s f e r  o f  
t o x i n s  i n  the  marine environment. Studies should be conducted t o  determine the 
f e a s i b i l i t y  o f  t e s t i n g  f o r  t ox ins  a t  var ious stages o f  t o x i n  t r a n s f e r  i n  the 
ecosystem. 

7. "Manage" ecosystem ( p r e d i c t  and i n t e r r u p t  chain o f  events leading t o  
poss ib le  c iguatera outbreaks) 

Analyze data t o  a l low the p red ic t i on  o f  po ten t i a l  c iguatera outbreaks and 
poss ib ly  t o  d i s r u p t  the  chain o f  events t o  prevent c iguatera outbreaks i n  the 
human popul a t  ion. 

8. Determine source o f  t ox ins  

Ciguatoxin and other  tox ins  are found i n  minute quan t i t i es  i n  the  f l esh  
and viscera o f  f ishes. 
species. Consequently l a r g e  amounts o f  t o x i c  f i s h  are needed t o  ex t rac t  on ly  a 
s m a l l  amount o f  tox in .  E f f o r t  w i l l  be expended t o  l oca te  h i g h l y  t o x i c  f i s h  f o r  
t he  e x t r a c t i o n  o f  c iguatox in  and other  tox ins.  

T o x i c i t y  o f  f i shes  may v a r y  with season and w i th  
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9. Obtain source o f  t ox ins  

Once sources of t o x i c  f i s h  are located, attempts w i l l  be made t o  c o l l e c t  
enough of them t o  e x t r a c t  an adequate amount o f  t ox ins  requi red f o r  var ious 
studies.  

10. Laboratory study on t o x i c i t y  t o  f i s h  

On the  surface it appears t h a t  c iguatox in  has no e f f e c t  on the wel l -being 

Also, the  r a t e  o f  t o x i n  
of f ishes. 
of c iguatox in  on the growth and physiology o f  f ishes. 
uptake and r e t e n t  i on  w i l l  be invest igated. 

Laboratory experiments w i l l  be conducted t o  determine the e f f e c t s  

11. Ext rac t  pure tox ins  

Using methods developed a t  the Un ive rs i t y  of Hawa i i ,  e x t r a c t  and p u r i f y  
c iguatox in,  ma i to tox in ,  and other  tox ins .  

12. Determine the molecular s t ruc tu re  o f  c iguatox in  and other  tox ins  

The empir ica l  formula f o r  c iguatox in  i s  (C35H65N08)n, and has been known 
f o r  some time. Much i s  a l so  known about the  molecular s t ruc tu re  o f  c iguatoxin.  
I t  i s  an t ic ipa ted  t h a t  the complete molecular s t ruc tu re  o f  c iguatox in  w i l l  
become known when an adequate supply o f  t o x i n  i s  avai lab le.  The molecular 
s t ruc tu re  o f  o ther  re la ted  tox ins  should be revealed when an adequate amount o f  
t ox ins  becomes a v a i l  able. 

13. Synthesize c iguatox in  and other  tox ins  

The determinat ion o f  the molecular s t ruc tu re  o f  c iguatox in  and re1 ated 
tox ins  w i l l  a l low the  synthesis of these tox ins.  

14. Select  t a rge t  t issues/organs/ test  animal s 

Determine appropr ia te and su i tab le  t issues/organs/ test  animal s for  
pharmacological studies. 

15. Pharmacol ogy 

Determine the e f f e c t s  o f  c iguatox in  and other  re la ted  tox ins  on selected 
t a r g e t  t issues/organs/ test  animal s. Test off-the-she1 f drugs t o  counteract  the  
e f f e c t  o f  c iguatox in  and other  tox ins.  

16. Test treatment on animals f o r  c iguatox in  and other  tox ins  

Using the r e s u l t s  obtained i n  subproject  15, conduct experiments with 
of f - the-shel f  drugs on t e s t  animals i n  t e s t  treatment t o  counter c iguatox in  and 
re1 ated tox ins.  

17. Develop treatment f o r  human c iguatera i n t o x i c a t i o n  

Conduct c l  i n i c a l  t r i a l  s and develop su i tab le  treatment f o r  human c iguatera 
i n t o x i c a t i o n  using of f - the-she1 f drugs. 
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18. Develop usable enzyme- 1 inked immunosorbent assay t e s t  f o r  c iguatox in 

Studies are underway t o  devel op an enzyme- 1 inked immunosorbent assay 
( E L I S A )  t o  t e s t  f o r  c iguatoxin.  
bel ieved t h a t  a usable E L I S A  t e s t  w i l l  soon be avai lable.  

Work i s  cont inuing on t h i s  p r o j e c t  and it i s  

19. Conduct f i e l d  t r i a l s  

Conduct f i e l d  t r i a l s  o f  E L I S A  on marine organisms. 

20. Develop " d i p s t i c k "  t e s t  f o r  c igua tox in  

Fol lowing the  development of a usable E L I S A  t e s t  f o r  c iguatoxin,  
experiments w i l l  be conducted t o  adapt E L I S A  f o r  a " d i p s t i c k "  t e s t ,  which w i l l  
be a simple t e s t ,  appl icable f o r  f i e l d  use by laymen. 

21. Imp1 ement " d i p s t i c k "  t e s t  and educate popul ace 

Fol lowing pe r fec t i on  o f  t he  " d i p s t i c k "  t e s t  f o r  c iguatoxin,  t he  t e s t  
mater ia l  w i l l  be made ava i l ab le  f o r  use by the  general populace. An education 
program f o r  t he  publ i c  w i l l  be c a r r i e d  out. 

22. Undertake research on H a w a i i  and Federal r u l e s  and regu la t i ons  

H a w a i i  and Federal r u l e s  and regulat ions concerning publ i c  agencies' 
responsib i l  i t i e s  on t e s t i n g  wholesomeness o f  f i s h  r e l a t i v e  t o  c iguatox in and 
other  t o x i n s  w i l l  be examined. 
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APPENDIX A 

SUMMARY REPORT OF THE PACIFIC CIGUATERA WORKSHOP 
HONOLULU, HAWAII, 18-20 MARCH 1981 

Rlchard S. Shomura, Chairman 
Southwest F i  sheries Center Honol ut u Laboratory 

National Marlne F isher ies  Service 
National Oceanlc and Atmospheric Adminlstratlon 

Honolulu, Hawail 96812 

Cosponsored by the Honolulu Laboratory and the 
Univers i ty  o f  Hawaii Sea Grant 

May 1981 
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The Hawaii Ciguatera Workshop, cosponsored by the Honolulu Laboratory and 
the University of Hawaii Sea Gran t  (UHSG), was held a t  the Honolulu Laboratory, 
Southwest Fisheries Center, National Marine Fisheries Service, National Oceanic 
and Atmospheric Administration, Honolulu, Hawaii from ,March 18 to  20, 1981. 
Mr. Richard S. Shomura, Honolulu Laboratory Director and Chairman o f  the 
workshop, opened the workshop by welcoming a l l  the participants and observers 
and made a few introductory remarks including the rat ionale  fo r  holding the 
workshop. 
principal,  act ive ciguatera researchers in the Pacific t o  help develop working 
hypotheses to  guide future research on the ciguatera problem. 
t h a t  the ultimate goal of ciguatera research i s  t o  fu l ly  understand the 
mechanism underlying the origin and t ransfer  of the toxin(s) in the ecosystem 
and t o  develop corrective measures t o  provide nontoxic f ish fo r  human 
consumption. 

The objective of the workshop was to  bring together some of the 

I t  i s  recognized 

The workshop agenda (Appendix 1 )  included the consideration o f  four broad 
areas or aspects o f  ciguatera research: toxins,  the detection of toxins, the 
medicallpharmacological aspects of ciguatera, and the ecological as ects .  
Seven background papers were assembled for  the workshop (Appendix 2 P and nine 
working papers which described ongoing ciguatera research in the Pacific were 
presented (Appendix 3 ) .  I n  addition t o  the oral presentations on ciguatera 
research in the Pacif ic ,  presentations were made on the resu l t s  of the recent 
World Health Organization meeting on ciguatera held in Nounea, New Caledonia, 
and on the s ta tus  of ongoing ciguatera research in the southeastern United 
States.  The workshop par t ic ipants  and  observers are l i s t ed  in Appendix 4.  

TOXINS (WP/2, WP/6) 

The discussion on toxins covered the topics of the chemical and molecular 
structure of ciguatoxin and other toxins and the origin of the toxins. 
problem of solving the molecular structure of ciguatoxin has been hampered by 
the lack of a n  adequate supply of pure toxin for  analysis. The toxin i s  
diffusely dis t r ibuted in minute amounts in the f lesh and viscera of f ishes  so 
large amounts of toxic f i sh  are needed to  extract  the toxin in a complex 
purification procedure. Dr. Paul Scheuer of the University of Hawaii ( U H )  now 
has 0.9 mg of ciguatoxin and Dr. Takeshi Yasumoto of Tohoku University, Sendai, 
Japan ,  h a s  0.4 mg. 
molecular s t ructure  of the toxin i s  basically non-destructive, minute amounts 
of the toxin are l o s t  in the analyses. Dr. Scheuer's 0.9 mg o f  ciguatoxin i s  
presently a t  the California Ins t i tu te  of Technology f o r  analysis. The basic, 
empirical formula of ciguatoxin, (C35 H65 N08)n, h a s  been known for  some time. 
Although the molecular s t ructure  o f  ciguatoxin i s  not completely known, i t  i s  
believed t h a t  the problem w i l l  be solved when more pure toxin becomes 
available. I n  t h i s  regard, i t  was announced t h a t  the UH will soon be acquiring 
a 300 MHz Nuclear Magnetic Resonance Spectrometer for  the analysis of the 
mol ecul a r  s t ructure  of complex compounds. Thi s wi 11 great1 y i ncrease the 
instrument time available for  the analysis of the molecular s t ructure  o f  
ciguatoxin. 

The 

Although the analytic methods used t o  determine the 

A breakthrough in ciguatera research occurred within the p a s t  5 years when 
the source of ciguatoxin in the coral reef ecosystem was determined t o  be a 
benthic dinoflagel la te ,  Gambierdiscus toxicus, a microscopic unicellular alga 
t h a t  grows primarily as a n  epiphyte on certafn seaweeds on reef f l a t s .  
same species h a s  been found near the Hawaii Ins t i tu te  of Marine Biology (HIMB) 

T h i s  
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in Kaneohe Bay and a t  other scattered locations around the island o f  Oahu. 
resu l t s  of experiments conducted a t  HIMB t o  determine the factors control1 ing 
t o x i n  production, growth r a t e ,  and yields of laboratory cultures of the HIMB 
s t r a in  of G. toxicus were discussed. A problem in the research on culturing - G. t o x i c u s 7 s m e m e n d o u s  var iab i l i ty  in the levels and kinds of toxins 
pre- the cultures.  

The 

Elsewhere in the Pacific,  the possible sources of secondary toxins have 
also been investigated. 
toxins have often been detected i n  the viscera of herbivorous f ishes  and i t  can 
be hypothesized t h a t  these secondary toxins, 1 ike ciguatoxin, or iginate  from 
other benthic dinoflagellates.  I t  was found t h a t  several species of 
dinoflagellates found growing with G. toxicus also produced toxins t h a t  were 
lethal t o  mice. O f  interest  are t w r f m b l e  toxins of Prorocentrum lima, 
PL toxins I and 11, which are practically indistinguishable in chromatogE$iic 
properties from scaritoxin and  ciguatoxin, respectively. A chemical and 
spectral analysis of PL toxin I1  showed t h a t  i t  i s  identical with okadaic acid, 
the cytotoxic component o f  a sponge. 

I n  addition t o  maitotoxin, the presence of secondary 

DETECTION (WP/4, BP/2, BP/3, 8P/6) 

The ear ly  t e s t s  for ciguatoxin have been bioassays in animals such as 
mouse, c a t ,  and mongoose. 
they are subjective a n d ,  in the case of the mongoose, the t e s t  animals are  
obtained from the wild a n d ,  therefore,  are not homogeneous. 
tes t ing for  ciguatoxin occurred w i t h  the development o f  a radioimmunoassay 
( R I A )  f o r  the d i rec t  examination of fish t i s sues  fo r  toxin. 
the R I A  are t h a t  i t  i s  simple and pract ical ,  re la t ively specif ic ,  and 
sensit ive.  
procedure for  ciguatoxin based on two approaches: 
factor  in the sheep anti-ciguatoxin serum used in the RIA, and 2 )  assessing the 
RIA procedure on f ishes  from cl in ica l ly  defined and documented cases of 
ciguatera intoxication and comparing resu l t s  w i t h  those from nontoxic fish of 
the same species. 
bioassays, the mouse bioassay, and the guinea p i g  atrium assay. 

Among the shortcomings o f  these bioassays are t h a t  

A breakthrough in 

The advantages of 

One of the objectives o f  current research i s  t o  evaluate the R I A  
1) identifying the react ive 

The R I A  resu l t s  are  also being evaluated by supportive 

There was much discussion on the technical aspects of the immunological 
reactions o f  the R I A  prxedure including questions on dose responses, extracts ,  
and homogenates versus solids.  I t  was pointed out t h a t  the whole b a s i s  of the 
R I A  procedure i s  the assumption t h a t  ciguatoxin, being a l i p id ,  i s  bound on the 
membrane surface or c e l l s  so t h a t  i t  can be detected by an  antibody. 
the d i f f i c u l t i e s  associatea w i t h  the R I A  procedure i s  1) sampling, i.e., there 
i s  uncertainty in the dis t r ibut ion of ciguatoxin i n  the f i sh  f lesh,  2)  the 
possibi l i ty  of f a l se  posit ives occurring in the RIA t e s t  and ,  3)  
reproducibility owing t o  the fac t  t h a t  t i s sues  are  used and even w i t h i n  close 
proximity "hot spots'' of ciguatoxin may vary. 

Some of 

Beginning i n  April  1979, a t  the  request of the Hawaiian fishing industry 
and i n  cooperation w i t h  the Honolulu Laboratory, the RIA t e s t  was used t o  
screen commercially landed kahal a ,  Seriola dumeril i ,  f o r  ciguatoxin. The 
tes t ing program made possible the marketing of large numbers o f  kahala larger  
t h a n  20 pounds which, before the tes t ing s tar ted,  were ordinarily not  marketed 
i n  the belief t h a t  large f i sh  were more l ike ly  t o  be toxic. The most 
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signif icant  r e su l t  of the tes t ing program has been the absence o f  any reported 
ciguatera cases from marketed RIA-negative kahala. 

I 

Mouse bioassays and guinea p i g  a t r ium assays have.been used t o  evaluate the 
R I A  procedure. 
d i rec t  correlat ions among the three assays. 
causes an i n i t i a l  massive release of neuroepinephrine in guinea p ig  atrium. 
However, one of the c l in ica l  symptoms of ciguatera intoxication i n  humans i s  
reduced cardiac ac t iv i ty .  I n  l i gh t  o f  the e f fec t  of ciguatoxin on guinea pig 
a t r i a ,  the question was posed regarding the e f fec t  of ciguatoxin on humans in 
the ear ly  stage of ciguatera intoxication. 

Research i s  a1 so underway t o  develop an enzyme-1 inked immunosorbent assay 
( E L I S A )  for  ciguatoxin. 
procedure, i s  n o t  dependent on the use o f  radioisotopes. Current research on 
ELISA includes the establishment o f  toxici ty  ranges based on absorbence values 
o f  samples f rm c l in i ca l ly  documented t i s sues  from ciguatera intoxications and 
nontoxic t issues .  
ELISA gave a lower rejection r a t e ,  which may be more r e a l i s t i c  in l i gh t  of the 
incidence o f  reported ciguatera intoxications by kahala in the pas t .  

Although the number of t e s t  samples i s  small, the d a t a  suggest 
I t  was noted t h a t  ciguatoxin 

ELISA i s  simpler and more rapid and unlike the RIA 

A coniparison of R I A  and ELISA t e s t s  on kahala indicated t h a t  

MEDICAL/PHARMACOLOGY (WP/7, WP/8, WP/9) 

This section o f  the workshop dea l t  primarily with the public health aspect 

The study was an 

of ciguatera intoxication. The r e su l t s  of  a study t o  determine the e f fec t  o f  
ciguatera on the overall health of Pacific islands populations and how i t  has  
affected the u t i l i za t ion  o f  marine resources were discussed. 
extensive comparative investigation of the perceived dis t r ibut ion and 
occurrence of ciguatera i n  the l a t e  197Qs, f o l k  be l ie fs  as to  the etiology of 
the disease,  and other aspects of the health and resource problems stemming 
from ciguatera. 
Comission Heal t h  and Epidemiological Information Service (SEPHIS) area were 
presented. 
(excluding Papua New Guinea) was 12.01/10,000. The actual morbidity r a t e  i s  
undoubtedly considerably higher. 

S t a t i s t i c s  on ciguatera morbidity r a t e s  from the South Pacific 

I n  1978 the mean reported ciguatera morbidity r a t e  f o r  the area 

A summary of ciguatera intoxication i n  Hawaii covering a period from 
1900-80 was presented. 
higher in the spring and a u t u m n  and t h a t  more patients rather t h a n  physicians 
a re  a p t  t o  report ciguatera poisonings. I t  was further noted t h a t  a 25% 
reporting ra te  i s  considered good. 

marquesensis, on Kauai i n  1978 was a l so  presented. Clinical d a t a  from this 
case were remarkably s imilar  t o  what  would be expected from a severe form of 
ciguatera intoxication, and i t  was suggested t h a t  clupeoid poisoning should not 
be excluded from the concern of those doing research on ciguatera poisoning. 
However, other workshop par t ic ipants  noted t h a t  clupeoid poisoning may be more 
closely related t o  paralytic she l l f i sh  poisoning ( P S P )  in ecological terms. 

ECOLOGY (WP/ l ,  WP/3, WP/5, WP/6, B P / l ,  BP/4 ,  BP/5, BP/7 )  

I t  was noted t h a t  cases of ciguatera intoxication were 

A detailed account of the f a t a l i t y  caused by Marquesan sardine, Sardinella 

Based on the correlation of the population density of G. toxicus w i t h  .- - epidmiological information, the endemicity o f  ciguatera i n  various locations 
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in the Pacific was 
of the G. toxicus 
suggestThat toxic 
toxicus. Another 
assessment o f  the 

discussed. The r e su l t s  of surveys showed t h a t  the density 
population was correlated w i t h  fish toxici ty .  These resu l t s  
i t y  i n  any area can be predicted by the density of G. 
possibi l i ty  of a monitoring system for  ciguatera is-e 
tox ic i ty  of f i sh  l ivers .  I t  has  been shown t h a t  f i sh  livers 

show far  l e s s  var iab i l i ty  in tox ic i ty  t h a n  the flesh of fishes.  

The resu l t s  of a study on the dis t r ibut ion of G. toxicus in French 
Polynesia (Tahiti and Gambier Island),  New CaledonG, Guam, and Okinawa were 
also presented, including the e f fec t  of certain environmental factors  on the 
density of G. toxicus. Temperature i s  not an  important factor  i n  the density 
of G. toxic=. However, s a l in i ty  and l ight  intensi ty  appear to  be important. 
I r o i i - w m i m p o r t a n t  in the growth of - G. toxicus but  phosphates s ignif icant ly  
increased the growth. 

Development o f  the R I A  pr-ocedure made possible large-scale tes t ing of 
fdshes for  ciguatoxin. 
resources i n  the Northwestern Hawai I a n  Islands ( N W H I ) ,  the Honolulu Laboratory 
and t he  H a w a i i  Division o f  F i s h  and Game ( H U F G )  have been sampling inshore and 
nearshore fishes t o  determine the distributiori o f  ciguatoxic fishes.  

Ws p a r t  of t h e  cooperative survey of the marine 

The Honolulu Laboratory's resu l t s  o f  t e s t s  for  ciguatoxin on f i sh  and 
shel l f ish collected in the NWHI, Midway Islands, American Samoa and Western 
Samoa, and Guam and the Northern Mariana Islands were presented. The overall 
rejection (posi t ive and borderline toxici ty  levels) ra te  was 15% for  NWHI,  39% 
for Midway, 19% for  American Samoa and Western Samoa, and 4% for  Guam and the 
Northern Mariana I s lands .  

Flesh samples from f ishes  are obtained from the dorsal anterior region ( A ) ,  
ventral abdominal region ( B ) ,  and the ana l  region (E).  I t  was pointed o u t  that  
there was no c lear  trend as t o  where ( s i t e s  A, B, or E )  the toxin i s  
concentrated in the fish.  
but also between sexes. 
related t o  s ize  or  sex. 

The resu l t s  were not only variable among species, 
The resu l t s  t o  date showed also t h a t  tox ic i ty  was n o t  

The resu l t s  obtained by the HDFG indicate t h a t  f ishes  in the NWHI were 
re la t ive ly  more toxic ( i n  terms of numbers rejected i n  the RIA t e s t )  in the 
summers o f  1977 and 1978 t h a n  i n  1979 and 1980. I n  1980 the nearshore f ishes  
were more toxic i n  the f a l l  t h a n  i n  the summer. Based on these resu l t s ,  i t  was 
suggested t h a t  the occurrence o f  ciguatoxic f ishes  appear to  be cyclical The 
feeding h a b i t s ,  d i s t r ibu t ion ,  and abundance of the f ishes  sampled were also 
described. 

A1 so, some anomalous r e su l t s  i n  the HDFG data and the Honolulu Laboratory 
data were evident. 
samples indicated a n  overall h i g h  rejection ra te  for  f ishes  caught from 
September 30 t o  October 4 ,  whereas the HDFG samples collected around the same 
period showed a re la t ive ly  low rejection rate .  

April 1979 and December 1980 were also discussed. 
scores showed a general trend of a decline i n  R I A  scores from the second 
quarter of 1979 to  a low a t  the end of 1979/beginning of 1980 and a subsequent 
increase in RIA scores through 1980. 

In  sampling around Midway i n  1980, the Honolulu Laboratory 

The r e su l t s  of a n  analysis o f  d a t a  from the kahala  sampling program between 
The mean quarterly RIA 

The trend was consistent f o r  sampling 
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s i t e s  A, B,  and E ,  for geographical origin of the f i sh  ( N W H I ,  Oahu, Penguin 
Bank, and Hawaii), and for  both sexes. 
si tes was high: (AB) = 0.74, (AE)  = 0.69, and (BE) = 0.70. Also, the 
Variation in RIA scores from two rep1 icates from each sampling s i t e  ( A ,  B ,  and 
E) was no greater  t h a n  the  variation among sampling s i t e s  A, 6 ,  and E, 
r e su l t s  indicated t h a t :  
R I A  scores, and t h a t  sampling s i t e  B or E would be the best single s i t e  t o  
sample fo r  maximum R I A  values. 

The correlation of R I A  between sampling 

Other 
there was no re1 ationship between kahal a weight and 

Color s l i des  of the various f i sh  species implicated in ciguatera 
intoxication were shown and the d is t r ibu t ion ,  food habits, and habitat  of these 
fishes were described. The species t h a t  have caused ciguatera are shore f lshes  
associated with reefs ,  are  bottom-dwelling, b u t  they may also be semipelagic 
open-water forms t h a t  range into the reef habitat  t o  feed. They may be 
carnivorous o r  they may be benthic algal or de t r i t a l  feeders. The carnivores 
t h a t  prey heavily on reef f i shes  are the most prone t o  be toxic whereas those 
tha t  feed primarily on benthic crustaceans tend t o  be leas t  toxic. The moray 
eel 

Young and old 
Hawaiian monk sea ls ,  Monachus schauinslandi , in the NWHI suffered high 
mortali ty i n  1978. 
been the cause o f  the mortality. 
experiments where elephant sea ls ,  Miroun a an u s t i ro s t r i s ,  were fed moray eels 
caught  i n  the NWHI were described. +FeT---7 ep an sea s were ound t o  be highly 
susceptible t o  ciguatera intoxication. 

tycodontis (= Gymnothorax) Javanicus, i s  highly toxic. 

Other ecological aspects of ciguatera were also discussed. 

I t  was speculated t h a t  ciguatera intoxication could have 
I n  connection w i t h  t h i s ,  the r e su l t s  of 

RECOMMENDAT IONS 

The workshop identified three general objectives o r  goals f o r  future 
The f i r s t  goal i s  t o  obtain an understanding of the ciguatera research. 

factors  or  mechanisms triggering the chain of events leading ultimately t o  
potential outbreaks of ciguatera intoxication so t h a t  these events could be 
predicted. The second goal i s  t o  elucidate the pharmacological aspects o f  
ciguatera and t o  develop a viable treatment fo r  ciguatera intoxication. 
third goal i s  t o  develop and disseminate a quick and re l iab le  f je ld  test  t o  
screen marine organisms for  ciguatoxin and related toxins. 

The 

Several general areas of  research were recommended t o  achieve the f i r s t  
objective: 

1. Determine baseline conditions in ( a )  areas with no previous history o f  
ciguatera outbreaks and ( b )  areas t h a t  could potentially produce ciguatera 
outbreaks. Related t o  t h i s  i s  the determination and verification of factors  
causing blooms o f  Gambierdiscus toxicus and the comparison of environmental 
conditions i n  areas containing a n d i d  of dinoflagellate blooms. 

2. Verify the source of ciguatoxin i n  the reef ecosystem; determine the 
rate of toxin production from culture experiments and determine factors  t h a t  
influence the growth of toxin-producing dinoflagellates.  
(cysts?) o f  dinoflagel la te  blooms. 

Determine the source 

3. Conduct f i e l d  and laboratory studies t o  determine the t ransfer  and 
metabolism of ciguatoxin in the food chain. 
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4,  Determine the e f f e c t s  of c igua tox in  on f i s h  i nc lud ing  i t s  t o x i c i t y  t o  
f i s h  and i t s  i n f l uence  on growth r a t e s ;  conduct experiments t o  determine if 
cigua tox in  i s  accumulated i n  f i s h  o r  excreted and whether i t  would be poss ib le  
t o  p r e d i c t  t imelarea f i s h  t o x i c i t y  based on dates/areas o f  d i n o f l a g e l l a t e  
blouns; determine why some species are more t o x i c  than others i nc lud ing  a 
q u a n t i t a t i v e  analys is  o f  t o x i c i t y  l e v e l s  by species, s i t e ,  and area, and 
compare f ind ings w i t h  the  food chain understanding; and determine whether 
crustaceans and molluscs i n  areas o f  d i n o f l a g e l l a t e  blooms are t o x i c .  

5. Evaluate the ELISA technique fo r  f i e l d  work. 

Research a c t i v i t i e s  recommended t o  achieve the  second goal were: 

1. Determine source o f  t o x i n  by l o c a t i n g  t o x i c  areas, e.g., b y  p u b l i c  
hea l th  fol low-ups, search f o r  a l t e r n a t e  source o f  c igua tox in  by b i o - t e s t i n g  f o r  
poss ib le  new sources. 
d i n o f l a g e l l a t e s  tox i c .  

A r e l a t e d  a c t i v i t y  i s  t o  determine f a c t o r s  that make 

2. C o l l e c t  t o x i c  f i s h e s  Inc lud ing  moray eels,  RIA-rejected kahala, and 
other  species and develop c u l t u r e s  of  Gambierdiscus tox i cus  t o  e x t r a c t  t he  
crude tox ins.  

3. Assemble hardware and manpower t o  e x t r a c t  and p u r i f y  t o x i n s  f o r  
experiments t o  a) compare t o x i n  from moray e e l  with t o x i n s  from other species, 
b) determine the  molecular s t r u c t u r e  o f  c igua tox in  and other tox ins,  and c) 
determine the  metabol ic pathways and t a r g e t  t issues/organs i n  t e s t s  on mice and 
other  animals and muscle t issues,  c) i nves t i ga te  the  pharmacology o f  c igua tox in  
t o  determine metabol ic pathways and t a r g e t  t issues/organs, i n  t e s t s  on mice and 
other  animals, and d) determine the ef f icacy o f  o f f - t h e - s h e l f  drugs f o r  t he  
treatment o f  c iguatera i n  t e s t  animals and i n  c l i n i c a l  t r i a l s .  

Research a c t i v i t i e s  recommended f o r  t he  t h i r d  goal were: 

Develop usable EL ISA t e s t  f o r  c igua tox in  and 1) improve s p e c i f i c i t y  o f  
ELISA t e s t  t o  s o r t  out  o the r  t o x i n s  ( s c a r i t o x i n ,  mai to tox in ,  okadaic acid) and 
2 )  adapt E L I S A  procedure f o r  a " d i p  s t i c k "  t es t .  
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Southwest F i  sher ies Center 
Nat ional  Marine F isher ies  

P. 0. Box 3830 
Honolulu, H I  96812 

Service 

D r .  David J o l l o w  
Department o f  Pharmacology 
Medical Un ive rs i t y  o f  South 

171 Ashley Avenue 
Charl eston, SC 29425 

Carol i na 

Paul Kawamoto 
H a w a i i  D i v i s i o n  o f  Fish and Game 
Department o f  Land and Natural  

1151 Punchbowl S t ree t  
Honolulu, H I  96813 

Re sources 
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O r .  L u c i l l e  K i m r i r a  
Cancer Research Center o f  Hawaii 
1236 Lauhala S t .  
Honolulu, H I  96813 

Nancy 0. Lewis 
Department o f  Geography 
U n i v e r s i t y  o f  C a l  i f o r n i a  
Berkeley, CA 94720 

David J. Mackett 
Southwest F i s h e r i e s  Center 
Nat ional  Marine F i she r ies  

P. 0. Box 271 
La J o l l a ,  CA 92038 

Serv i c e 

D r .  Robert Melton 
Department o f  Heal th  
P. 0. Box 671 
Lihue, Kauai, H I  96766 

D r .  James T. Miyahara 
Departrnent o f  Pharmacol ogy 
U n i v e r s i t y  o f  Hawaii - 

Honolulu, HI  96822 
BIO-T 412A 

Henry Okamoto 
Hawaii D i v i s i o n  o f  F i s h  and Game 
Department o f  Land and Natural  

Resources 
1151 Punchbowl S t ree t  
Honolulu, HI  96813 

O r .  James D. P a r r i s h  
H a w a i i  Cooperative F ishery U n i t  
c / o  U n i v e r s i t y  o f  Hawai i - 
Honolulu, H I  96822 

EDM 165A 

Dr .  J e f f r e y  J. Polovina 
Southwest F i she r ies  Center 
Nat ional  Marine F i she r ies  

P. 0. Box 3830 
Honolulu, HI  96812 

Service 

Dr. A l f  P r a t t e  
Sea Grant Marine Advisory 

U n i v e r s i t y  o f  Hawaii - 
Honolulu, H I  96822 

Program 

SPAL 252B 

D r .  John E. Randall 
D i v i s i o n  o f  Ichthyology 
B i  shop Museum 
1355 K a l i h i  S t ree t ,  Box 19000-A 
Honolulu, H I  96819 

Henry M. Sakuda 
H a w a i i  D i v i s i o n  o f  F i s h  and Game 
Department o f  Land and Natural  

1151 Punchbowl S t r e e t  
Honolulu, H I  96813 

Re sources 

Holmes Saeve 

F i s h e r i e s  D i v i s i o n  
M i n i s t r y  o f  Natural  Resources 
Honiara, Solomon I s lands  

IMR -US P 

D r .  Paul J.  Scheuer 
Professor, Department o f  Chemistry 
U n i v e r s i t y  o f  H a w a i i  a t  Manoa - 
Honolulu, H I  96822 

BIL 325 

Robert E. Schroeder 
Hawaii Cooperative F ishery U n i t  
c / o  U n i v e r s i t y  o f  Hawaii - 
Honolulu, H I  96822 

EDM 165A 

D r .  Yuzuru Shimizu 
Department o f  Chemistry 
U n i v e r s i t y  o f  Hawaii - B IL  325 
Honolulu, H I  96822 

and 
U n i v e r s i t y  o f  Rhode I s land  
Kingston, R I  

Richard S. Shomura 
Southwest F i she r ies  Center 
Nat ional  Marine F i she r ies  

P. 0. Box 3830 
Honolulu, H I  96812 

Service 

Anthony Sudehum 
Hawai  i Cooperative F i she ry  Unit 
c / o  U n i v e r s i t y  o f  Hawaii - 
Honolulu, H I  96822 

EDM 165A 
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Mi tsugi  Sugi 
Epi d m i o l  ogy Branch 
Hawaii State Department o f  

P. 0. Box 3378 
Honolulu, HI 96801 

Heal t h  

Brooks Takenaka 
United F ish ing Agency, Ltd. 
117 Ahui St reet  
Honolulu, H I  96813 

Richard N. Uchida 
Southwest F isher ies Center 
National Marine F i she r ies  

I?. O9 Box 3330 
Honolulu, HI 96812 

Service 

D r .  Nancy Withers 
H a w a i i  I n s t i t u t e  of Marine 

U n i v e r s i t y  o f  Hawaii 
P. 0.. Box 1346 
Kaneohe, H I  96744 

Biol ogy 

D r .  Takeshi Yasumoto 
Facul ty  o f  A g r i c u l t u r e  
Tohoku U n i v e r s i t y  
1-1, Amamiyamachi Tsutsumidori 
Sendai, Japan 

Richard York 
H a w a i i  I n s t i t u t e  o f  Marine 

B i 01 ogy 
U n i v e r s i t y  o f  Hawaii 
P. 0. Box 1346 
Kaneohe, H I  96744 

Howard 0. Yoshida 
Southwest F i  sher ies Center 
National Marlne F i she r ies  

Honol u l  u, H I  96812 

Service 
P a  0. BOX 3830 




